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Virtually all reports  of the  influence of cortisone on viral  infections have 
stressed the deleterious effects of cortisone on the infected host and an associated 
increase in concentrations of the infecting virus. The first such study in which 
viral  concentrations were  measured  was  of  influenza virus  infection of  the 
chicken embryo (1).  More recent investigations of the dynamics of influenza 
virus increase in cortisone-injected embryos has confirmed the original report 
of increased final concentrations of virus, but has disclosed the paradox of an 
initial inhibition of virus formation with cortisone (2).  The present report will 
describe more fully the inhibition of influenza A  and B  virus multiplication 
with cortisone and will discuss preliminary inquiries into  the  mechanism of 
this effect. 
Materials and Methods 
Most of the material and methods employed have been described fully (2, 3). In addition, 
the following materials and methods were used: 
Purified growth hormone was obtained through the kindness of Dr. C. H. Li. It was used in 
aqueous solution with an initial concentration of 10 mg./ml. 
Cortisone.--Hydrocortisone  diethylaminoacetate  hydrochloride  (aqueous  solubility  100 
mg./ml.) and desoxyhydrocortisone (compound S) were kindly provided by Dr. G. M. Shull 
of Chas. Pfizer and Co., Inc., Brooklyn. 
Dry weight determinations of chicken embryos were made following desiccation of pooled 
groups of 4 to 8 embryos at 100°C. in a dry oven for 24 to 48 hours. 
EXPERIMENTAL  RESULTS 
Measurement  of Virus.--Earlier  studies established that  measurement  of 
allantoic  fluid  virus provided a valid assessment of the degree of viral  increase 
in the egg chorioallantoic membrane  unless comparison  was made  of widely 
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varying titers (2). Thus, a  low titer of allantoic fluid virus was indicative of 
less intracellular and hence less total virus, than a  high value. Therefore, in 
studies which compare the yields of virus with an inhibitory agent with those 
of controls,  studies of allantoic fluid virus  concentrations alone will  tip  the 
scales against the discovery of an inhibitory effect. For this reason, studies only 
of allantoic fluid virus have been made in the experiments to be reported here. 
Experiments have been designed to measure effects on viral synthesis divorced 
from  effects  on  autointerference  or  upon  the  altered  multiplication  which 
follows inocula which provide high virus particle/host cell ratios (3). Following 
the introduction of dilute, active inocula providing P/C ratios usually of less 
TABLE I 
Establiskment  of Minimal Dose of Hydrocortisone* for Inhibition  of Lee Virus Synthesis 
8 egg group  Injected 2 hrs. prior to virus* with: 
HsO 
Cortisone§ 0.1 ~g. 
"  0.01  " 
"  0.001 " 
Geometric mean (10g2) 
of individual hemag- 
glutinin concentrations 
at 17 hm.~ 
4.8 
1.8 
4.7 
4.1 
Dry weights embryo 
1)ool/8 eggs 
mg. 
198 
198 
192 
* Active Lee virus inoculum diluted 10  -2.5 to yield an inoculum providing an estimated 
hemagglutinating P/C ratio of 0.3; an infective P/C ratio of 0.002. 
:~ Post virus inoculation; S.D. -4- 0.7 log2. The significantly reduced hemagglutinin yield 
is underlined. 
§Hydrocortisone diethylaminoacetate hydrochloride in  H~O  (aqueous solubility  100 
mg./ml.). 
than 1.0, fluids for measurement of virus have been harvested during the period 
of exponential  viral  increase  and  before the  restrictive effects of continued 
multiplication had become evident. A difficulty inherent in virus measurements 
following infection of such low multiplicity is the greater variation in individual 
egg titers in early time periods. The "asynchrony" of influenza virus infection 
following small inocula has received recent emphasis (4). For this reason, larger 
groups of eggs (6 to 8)  were used in all experiments. It was experimentally 
determined by individual  titrations of virus in 40 eggs inoculated under the 
conditions which have been outlined, that  the estimated individual variance 
was  -4-  3.8  tubes  (or log~ hemagglutinin  concentrations) at  the time hemag- 
glutinin  became detectable.  The estimated  standard  deviation  (S.D.) of the 
means of experimental groups is approximately 0.8 tube or log2 when 6  eggs 
/group are used and the geometric mean of individual titers determined. The 
S.D. with 8 eggs is ±0.7. 
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determined that quantities of hydrocortisone as small as 1.0 #g. might inhibit 
the yield of allantoic fluid hemagglutinin after Lee virus inoculation. A defini- 
tive experiment was undertaken to determine (within 10-fold limits) the mini- 
mal  inhibitory  dose  of  a  hydrocortisone  salt  of  high  aqueous  solubility. 
Eight-egg groups of 10 day old chicken embryos were injected first with 10-fold 
dilutions of hydrocortisone, then 2 hours later with a  10  -2.5 dilution of active 
Lee virus (1 infective particle/2000 cells). After 17 hours of incubation at 35°C., 
allantoic fluids were harvested and individually titrated for hemagglutinin. The 
geometric means of these titrations are presented in Table I.  0.1  /~g. hydro- 
cortisone effected a 3 tube reduction in hemagglutinin yield (S.D. ~  0.7 tube) 
and was the minimal effective dose tested. 
TABLE II 
Minimal Dose of ttydrocortisone Required for Inhibition  of PR8 Virus Synthesis 
6 egg group  Injected 2 hrs. prior to virus*  with: 
H,O 
Cortisone§ 10.0/~g. 
"  1.0  " 
"  O. 1  " 
Geometric mean (logt) of 
individual hemagglutinin 
concentrations at  17 hrs.:~ 
9.0 
5.3 
6.3 
8.3 
* Active PR8 virus diluted 10  -4 to yield an inoculum providing an estimated hemagglu- 
tinating P/C ratio of 0.002; an infective P/C ratio of 0.0007. 
Post virus inoculation; s.v. 4- 0.8 log,. Significantly  reduced hemagglutinin concentra- 
tions  are  underlined. 
§ Hydrocortisone  diethylaminoacetate hydrochloride. 
The dry weights of embryos from this experiment were measured and,  as 
recorded in Table I, gave no indication of the weight loss which is associated 
with  larger cortisone dosages  (5).  That small  doses of cortisone may inhibit 
embryo weight gain however will be discussed below. 
Inhibition  of PR8  Virus  Synthesis  with  Cortisone.--Because  final yields of 
influenza A viruses are but little enhanced with cortisone (2), it was predicted 
that  the inhibitory effect of cortisone might be more marked with this virus 
than with influenza B. This proved not to be true. In two experiments compara- 
ble in design to those performed with Lee virus (Table I), the minimal inhibi- 
tory dose of cortisone was 1.0/zg. with PR8 virus. This dose is greater than that 
required for inhibition of Lee virus. The data from one of the experiments with 
PR8 virus are presented in Table II. 
Time-Dosage  Factors  in  Cortisone-Inhibition  of  Viral  Synthesis.--Inhibition 
of influenza virus multiplication may be effected by cortisone relatively late 
after infection. The experiment illustrated in  Fig.  1,  demonstrates inhibition 
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ceived 28 #g. of hydrocortisone alcohol 6 hours after inoculation of I0  T'5 EIDs0 
of PR8 virus. The inoculum used was estimated to provide an initial infective 
particle/cell ration of 1.1  to avoid the complicating effects of viral autointer- 
ference. This inoculum, however, was sufficiently large to insure infection of 
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Fro.  1.  Inhibition  of  PR8  virus increase by cortisone  injected  6  hours after  virus 
most allantoic cells and  termination of the latent period of infection before 
cortisone was injected. It is concluded that cortisone may restrict virus multi- 
plication even after it is in active progress. It is notable that  the inhibitory 
effect induced with 28.0 #g. of hydrocortisone administered 2 hours prior to an 
identical viral inoculum was no greater at 10 hours post inoculation than that 
which was effected with the delayed cortisone injection. 
The inhibitory influence of delayed cortisone injection is also manifest fol- E.  D.  KILBOURNE  887 
lowing  dilute  inocula  of  virus  if  cortisone is  administered  at  a  time  when 
hemagglutinin is just detectable in the allantoic fluid. In such experiments the 
inhibitory effect of cortisone is demonstrable only while exponential increase of 
virus  continues and  before the  limiting  effects of viral  autointerference are 
manifest; at this point the interference-negating action of cortisone becomes 
effective and tends to increase viral yields (2, 3). 
In many experiments with Lee virus,  it has been shown  that  injection of 
cortisone by either the yolk sac or allantoic route as long as 24 hours before 
virus  inoculation  is  similarly effective in  inhibiting initial  virus  increase.  It 
would  appear,  therefore,  that  the  changes  effected by  cortisone in  the  egg 
which inhibit virus synthesis are both rapidly induced and protracted. 
TABLE  III 
Comparative  Effects  of  Hydrocortisone*  and  11-Desoxyhydrocortisone*  on  the  Inhibition  of 
Le, Virus Multiplication 
Dose/egg 
~tg. 
1000 
10o 
10 
1 
Note:  Underlined hemagl 
Log, yield of viral bemagglutinin  (18 hrs.) in eggs injected with: 
HzO 
5.6 
Desoxyhydrocor  tisone 
4.6 
5.6 
6.2 
5.2 
Hydrocortisone 
2.8 
3.0 
[utinin values represent significant variations from the control. 
* A  microcrystalline aqueous suspension of free alcohol form of steroid was injected into 
the allantoic sac 2 hours prior to 10  6 EID~0 of Lee virus. 
Inhibition of Vial Synthesis with an ll-Desoxy  C-21  Steroid  (Desoxyhydro- 
cortisone).--A  wide variety of C-21  steroids other than cortisone are effective 
in the negation of influenza  virus interference (3). A  comparison of minimal 
effective  doses  has  demonstrated  that  the  l l-oxy  steroid  hydrocortisone 
(compound F) is 10 times as active as its ll-desoxy analog, desoxyhydrocorti- 
sone (compound S) in negating interference (3). It was of interest to study the 
activities of the two steroids in a system which would compare their effects on 
viral synthesis. 
Eleven day old eggs (8/group) were injected first with 10-fold varying doses 
of either hydrocortisone or desoxyhydrocortisone in aqueous suspension, then 
2 hours later were inoculated with a 10  -~ dilution of active Lee virus (10~EIDs0). 
Allantoic fluids were harvested 18 hours after virus inoculation and individually 
titrated  for  hemagglutinin.  The  geometric  means  of  hemagglutinin  yields 
associated with various steroid doses are presented in Table III. Only with the 
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and this effect was barely significant. In contrast, ~'~o0 of this dose of hydrocor- 
tisone induced pronounced inhibition. It must be emphasized, however, that 
this experiment was conducted with the steroids in suspension, so that precise 
quantitation was not feasible. (No highly soluble salt of compound S is avail- 
able). Suffice it to say that the l l-desoxy compound (in parallel with earlier 
results  with  interference-negation  (3))  proved  less  active  than  the  ll-oxy 
compound,  hydrocortisone. This  observation  supports  the  idea  that  steroid 
negation of interference and inhibition of viral synthesis may have a  common 
biochemical mechanism. 
TABLE IV 
Reduaion in Chick Embryo Dry Weights by Graded Doses of Cortisone* 
Cortisone* dose 
.a,~. 
0 
1 
10 
100 
1000 
Mean embryo dry weight 
Experiment 
217  217-II 
mg.  mg. 
378  308 
380 
354  275 
--  269 
289  255 
264  229 
Per cent of control  welght~ 
217 
100 
9O 
73 
69 
Experiment 
2t7-II 
100 
89 
84 
83 
71 
* Hydrocortisone  diethylaminoacetate  hydrochloride. 
~: S.D. -4- 6 per cent as determined  with 8 4-egg groups in a single experiment. 
Preliminary Inquiry into the Mechanism by Which Cortisone Inhibits Influenza 
Virus Synthesis.--The known depressing effect of cortisone on protein synthe- 
sis (6) suggests that decreased viral synthesis may be a corollary of this effect 
upon the infected host cell. However, previous studies of the effect of cortisone 
on chick embryo growth had indicated that much larger amounts of cortisone 
are required for growth restriction of the embryo than are required for inhibi- 
tion of viral multiplication (5). This question has been restudied in this labora- 
tory by determining the dry weights of pooled embryos of experimental groups 
injected with Lee virus and varying amounts of hydrocortisone diethylamino- 
acetate hydrochloride. Embryos were incubated for 40  hours after injection. 
The comparative effects of graded doses of cortisone are illustrated in Table IV. 
It was surprising that significant inhibition of weight gain (>  2  )<  S.D. 4-  6 
per cent) was effected by as little as  10/zg. of hydrocortisone within the 40 
hour observation period of the experiments. The fact that ]/~o0 of this dose will 
inhibit viral synthesis suggests either that there is a  dichotomy of  host cell 
protein synthesis (or growth) and viral synthesis, or that the capacity of the 
cell to produce virus may be a more subtle indication of its protein synthetic E.  D.  KILBOURNE  889 
activity. It will be recalled  that  no change in embryo weights  occurred in a 
17 hour experiment in which viral synthesis was markedly reduced (Table I). 
Preliminary experiments with highly purified growth hormone  have not sug- 
gested any antagonism by the hormone of the interference-negating  effect of 
cortisone,  despite evidence that the two hormones may be antagonistic in other 
systems (7). The question of a possible antagonism by growth hormone of the 
inhibitory effect of cortisone on viral yields has not yet been explored. 
The Toxicity of Cortisone for the Chick Embryo.--Any experimental  procedure 
which  inhibits  the multiplication  of virus must  be scrutinized  closely for its 
toxic effects upon the cells of the infected host. It is obvious that the intimate 
dependence  of virus  growth  on  metabolic  functions  of  the  parasitized  host 
calls  for evidence that  the host  is not severely or overtly damaged  by any 
procedure which  inhibits  virus formation.  Certain  problems involved in  the 
study of  "selective"  chemical  inhibition  of influenza  B  virus  multiplication 
have been discussed recently (8). 
The  growth-inhibiting  effects  of cortisone and  other  steroids  in  the  chick 
embryo  have  received  considerable  attention  (5,  9).  When  8-day-old  chick 
embryos are  injected  on  the  chorioallantoic  membrane  with  hydrocortisone 
acetate, the minimum dose for inhibition  of growth (over a  10 day period) is 
15.0/zg./egg  (9). In this laboratory the injection of 1.0 to 10.0/zg. of a more solu- 
ble hydrocortisone salt by the allantoic route induces barely significant  weight 
reduction during a 2 day observation period (Table IV), and the lesser dose---ef- 
fective in viral inhibition--causes no manifest pathological changes  in embryos, 
and permits them to hatch. The LDs0 of cortisone acetate for 10-day-old chick 
embryos during  a  2 day observation period equivalent to that  used in virus 
studies is 10 mg./egg. 
Cortisone acetate in dosage as large  as  1.0 mg./egg  has indeed been used 
"therapeutically"  29  to 36  hours  after  infection  with Lee virus  to diminish 
inflammatory reaction and prolong survival of chick embryos (10). 
Concentrations of cortisone as high as 14 #g./ml.  (0.039 ~)  have been used 
with in vitro preparations of chick  embryo chorioallantoic  membranes to pro- 
mote enhanced final yields of Lee virus (11). Toxic effects on such membranes 
were not discernible  in the gross. 
DISCUSSION 
It is a matter of great interest that a naturally occurring  hormone is capable 
in  small  quantities  of temporarily  suppressing  in  vivo viral  synthesis in  the 
absence of demonstrable toxicity. The very fact that depression  of viral syn- 
thesis is only temporarily manifest after cortisone injection is evidence that such 
depressed synthesis is not the result of permanent cell damage. The temporary 
nature of the cortisone effect is not explicable as a loss of drug effect with time, 
but is rather related to the changing  dynamics of the infectious process (2). 890  CORTISONE  INHIBITION  OF VIRAL  SYNTHESIS. V 
The adrenal corticoids are not known to represent the sole regulatory mech- 
anism for any metabolic process  (12).  It seems unlikely that the inhibitory 
effects of cortisone on viral increase result from selective intracellular depriva- 
tions of viral precursors not also required by the host. Experiments presented 
in the present paper have suggested inhibitory effects on chick embryo growth 
even with the small quantities of steroid which inhibit viral synthesis. 
Although  it  has  been  proposed  that  cortisone  modifies  ribonucleic  acid 
metabolism so that a  "variant" or "new"  RNA is  formed (13),  the lack of 
similarity of action of cortisone and known RNA  inhibitors argues against 
modification of RNA synthesis as the mechanism of cortisone action. In con- 
trast to results obtained with ribonuclease (14)  or benzimidazole derivatives 
(15),  final yields of virus are not reduced. In further contrast with the highly 
effective inhibitor of  RNA  synthesis,  5,6-dichloro-l-~-D-ribofuranosylbenzi- 
midazole (DRB),  (15) the inhibitory effects of cortisone may be induced late, 
after completion of the latent period. 
It is worthy of emphasis that cortisone is among the most potent inhibitors 
of viral multiplication yet studied. Quantities less than 14.0/~g./ml. (or 0.039 
M/liter) have not been studied in the in vitro system used by Tamm et al. (16), 
in which the more active benzimidazole derivatives were effective at 0.0002 M 
concentrations (17). However, the efficacy of as little as 0.1 to 1.0/zg. of corti- 
sone in the intact egg (0.00027  to 0.0027 M concentrations) suggests the high 
activity of the steroid. 
It  is  difficult to  avoid  speculation  that  the  homeostatic  function of  the 
adrenal corticoids may be broad, indeed, and that the tide of infection with 
obligate  intracellular parasites  may rise  and  fall under  hormonal influences 
which regulate the metabolism of host cells. The injection of animals and human 
beings with enormous doses of cortisone which may induce gross disturbances 
in host physiology has led to the prevalent view that cortisone influences infec- 
tion to the detriment of the host and the greater success  of the parasite.  It 
seems probable that this view is oversimplified and only partially correct. The 
protective  and  regulatory  role  of  cortisone  in  infection deserves  continued 
study. 
SUMMARY  AND CONCLUSIONS 
Cortisone is  a highly potent inhibitor  of influenza  virus synthesis in  the chick 
embryo, inducing manifest inhibition in doses of 0.I to 1.0/zg/egg. 
Inhibition of viral synthesis is only temporarily manifest. As infection con- 
tinues, the negation by cortisone of the self-limiting  effects  of viral autointer- 
ference obscures the coincident cortisone effect  on synthesis. 
The inhibitory effect  of cortisone may be induced late in the course of viral 
multiplication, after conclusion of the latent period. E.  D.  KILBOURNE  891 
It is proposed that inhibition of viral synthesis with cortisone is a  corollary 
of the  steroid's inhibitory effects on growth  and  protein  synthesis of the  in- 
fected host. 
The  role  of adrenal  corticoids  in  the  regulation  of infection  with  obligate 
intracellular parasites deserves continued investigation. 
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